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GENE EXPRESSION BROWSER FOR
WEB-BASED SEARCH AND VISUALIZATION
OF CHARACTERISTICS OF GENE
EXPRESSION

This application claims a priority according to a U.S.
patent application 61/209,369 filed on Mar. 5, 2009 by the
same Applicant of this Application, the benefit of the filing

dates are hereby claimed under Title 35 of the United States
Code.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to microarray technology
tor displaying and exploring gene expressions. More particu-
larly, this invention 1s related a gene expression browser by
presenting the gene expression profiles mto two separate

layers, the static and dynamic/responsive presentation layers
in order to rapidly view the overall profiles on static data
presentation layer, and search/highlight the detail data points
in the dynamic responsive presentation layer.

2. Description of the Prior Art

The microarray gene expression data have accumulated 1n
public repositories. The website of NCBI GEO (Gene
Expression Omnibus at http://www.ncbi.nlm.nih.gov/geo
had collected and annotated 279,089 samples from 10,964
series (experiments) by Jan. 25, 2009. Large amount of raw
data and experimental annotations are classified and archived
on GEO or EBI servers and are freely available to public. An
elfective and convenient tool to process and explain the
microarray expression data i order to extract meaningiul
correlations and functional implications to fully utilize and
maximize the values of the data becomes a critical issue
facing the scientific, research, and medical communities.

Over the past few years, significant efforts have been
devoted to develop the micoarray data mining and analysis
tools, such as Spotfire, Rosetta Resolver, GeneSpring, TIGR
TM4 (Saeed et. al, 2003), Genevestigator (Zimmermann et.
al., 2004), Expression Profiler (Kapushesky et. al., 2004),
NCBI GEO (Barrett et al., 2005). However, these tools are
still difficult to operate due to the complexity in both statistic
analysis methods and the large sale of the data. Furthermore,
the analysis results are still displayed with heatmaps or x-y
plot that 1s often shown only with limited scopes. Large
amount of analysis results are usually shown without dynami-
cally adjustable functional annotations. Therefore, the ana-
lytical and miming tools are not intuitive and difficult to com-
prehend and visualize the correlations between large amount
of data even aided with these analysis and display tools. In
order to overcome these difficulties, GeneChaser (Chen et.
al., 2008) implements a software tool to search and display
partial data 1n text table or bar graphics. The tables and bar
graphics show provide simplified data analysis for direct and
more 1ntuitive visualization. However, the tool 1s still limited
by the partial search scopes and cannot provide a general
overall analysis and display capabilities to enable a dynamic,
intuitive and comprehensive visualization of the data corre-
lations among large amount of data now accumulated 1n the
available databases.

As background of this mvention, the references listed
below provide further references that are relevant to the
invention of this Patent Application.
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In view of these relevant researches and publications, there
are three major challenges for mining and viewing the large
amount ol microarray expression data. The first challenge 1s
the difficulty of displaying complex and large amount of
microarray data. A graphic display through a software inter-
face cannot display thousands of data points on a display
panel 1n a clear and comprehensive way to a viewer. Software
designers have to make trade-off between two choices. A first
choice 1s to display these thousands of data points completely
thus generating images with unprocessed data points that tend
to confuse and overwhelm the viewers. Another choice 1s to
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display few hundred data points that may appear clear and
comprehensive to the viewers but may also miss important

data points that are neglected through the selective display
processes. The second challenge 1s the slow computational
process caused by the large amount data. Due to the huge 5
volumes of data involved, current computer technology 1s still
confronted with the difficulties to design a software applica-
tion that has enough computational power to process and in
the meantime retrieve such large amount of data 1n an accept-
able speed. This challenge still hinders the practical applica- 10
tions of existing gene expression analysis and display tools
even with hardware resources (CPU, memory and network)
currently available. The third challenge 1s the complexities
involved 1n the normalization and analyses of the microarray
data. In order to handle the complex tasks of normalization 15
and analysis, current analysis tools are commonly developed
as large and complex application soitware programs. These
large and complex software programs thus become 1nconve-
nient and complicate to install, maintain and operate and
require sophisticate and detail preparations before these pro- 20
grams can be functional for running any gene expression
analysis. In order to efficiently analyze microarray expression
data, scientists have to have in-depth knowledge of biological
theories, statistics, biomnformatics, analysis algorithms and
analysis software applications. The existing analytical tools 25
are therefore too cumbersome and 1nconvenient for practical
applications as effective tools to take full advantage of the
accumulated data now available for conducting data mining
to carry out practically useful gene expression analyses.
Therefore, an urgent need still exists for those mvolved in 30
the science and technologies of applying the gene express
data to develop further simplified and comprehensive tool to
explore large amount of microarray expression data.

SUMMARY OF THE PRESENT INVENTION 35

It 1s therefore one aspect of this invention 1s to provide a
gene expression browser as a solution for above three chal-
lenges such that the above-discussed limitations and difficul-
ties can be overcome. 40

Particularly, a specific aspect of this invention 1s to separate
the display of gene expression profile into two layers. The first
display layer 1s a static 1image, e¢.g., a 60K JPEG file 1n one
exemplary embodiment, to display several thousands of
expression data points. The static image of gene expression 45
profile 1s generated by Java application at server side and can
be quickly retrieved into client web browser by users. There-
fore, user can quickly obtain gene expression profile by view-
ing the distribution of data points on the static image. The
second layer 1s dynamic and responsive data annotation layer 50
that 1s generated by Web 2.0 technology (Javascript/ AJAX/
Server pages). With the second dynamic and responsive layer,
users can get detailed information of the data points on static
images by searching and highlighting.

Another aspect of the invention 1s to improve the perfor- 55
mance of data retrieval by applying a server caching technol-
ogy at the server side. The complex data analyses that involve
convoluted statistical concepts and algorithms are now com-
pletely hidden from the users by implementing preprocesses
that by feeding the data into a high throughput data processing 60
pipeline. Users only type in a key word and then easily obtain
complete and comprehensive gene expression profiles. In
essence, the Gene Expression Browser of this invention
applies a “search and visualization™ concept to replace the
concepts of “data analysis” used in the conventional microar- 65
ray data analysis tools. Therefore, the software application 1s
simple to use, the display 1s clear and comprehensive, the

4

search results are easy to understand and explain. The data
retrievals are fast. The data behind the software application
are global and complete.

Briefly, 1n a preferred embodiment, the present imnvention
discloses a gene expression browser wherein the display of
gene expression profile 1s separated into two layers. The first
display layer comprises a static image display profile to dis-
play several thousands of expression data points. The second
layer 1s dynamic and responsive data annotation layer
wherein users can get detailed information of the data points
on static images by searching and highlighting

In summary this ivention further discloses a method to
improve the performance of data retrieval by applying a
server caching technology at the server side. The complex
data analyses with convoluted statistical concepts and algo-
rithms are preprocessed to analyze data with high throughput
data processing pipeline. Users can easily obtain complete
and comprehensive gene expression proifiles by typing in key
words. In essence, the Gene Expression Browser of this
invention applies a “search and visualization™ concept to
replace the concepts of “data analysis™.

These and other objects and advantages of the present
invention will no doubt become obvious to those of ordinary
skill in the art after having read the following detailed descrip-
tion of the preferred embodiment which 1s 1llustrated in the

various drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of static display layer that shows
the gene expression profiles ol Arabidopsis gene PR-1
(Pathogen Regulated-1). Two benchmarks bands (1.35-fold
change and background signal level) are marked on the static
image. Each data pointis a'T/C (Treatment over control). The
t-test p values are displayed by color of the data point (blue
represents p-value 01 0.01 or less; green represents p-value of
0.01-0.05 and yellow represents p-value of 0.05 or more). The
image with size of 35 K can be loaded from server to user’s
client browser very fast. Users can get quick view of gene
expression profiles based on the static image.

FIG. 2 shows dynamic and responsive data annotation
layer on the static image layer. The up-regulation T/Cs (Treat-
ment over Control) of infections, disease-related mutants,
SAR (Systemic Acquired Resistance) and others are marked
onto static 1image by highlighting and searching. The up-
regulation T/Cs 1s selected using the cutodl criteria of 2-fold
increase and P value 0.05. Therelfore, users can get detailed
and comprehensive view based on the data annotations.

FIGS. 3A to 3P are the slide views of 16 cold-regulated
genes (COR genes) that are found by searching keyword
“cold” 1n feature annotation. Each 5 slide include a static
image layer that includes all data points and a dynamic and
responsive data annotation layer that shows stress-related
T/Cs. (A) Atdg3602, CSDP1. (B) At2g42540, COR15A. (C)
At1g29390. COR314-TM2. (D) At1g29395, COR414-TM1.
(E) Atlg20440, COR47. (F) At3g05880, RCIZA. (G)
At3g05890, RCI2B. (H) At3g50830, COR413-PM2. ()
At5¢52310, COR78. (J) At2gl15970, COR413-PM1. (K)
Atl1g05260, RCI3. (L) At2g21660, CCR2, GRP7. (M)
At4g38680, CSDP2, GRP2. (N) At4g39260, CCR1. (O)
At5¢15960, AT5G15970, COR6.6, KIN2, KINI1. (P)
At2g17870.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

The following descriptions disclose the details of the
embodiments of this invention. The descriptions include pro-
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cesses and results of applying the gene expression browser
developed according to the two-layer configurations and data
analysis and retrieval, correlation and display images imple-
menting the Web 2.0 technologies.
Search 1n Gene Expression Browser

Users explore gene expression profiles in Gene Expression
Browser by searching. Any word in gene annotation, treat-
ment or control description or experiment description can be
used for searching. Three types of search result items are
returned from the search engine: gene, T/C (treatment over
control) and experiment. Click the link on the search result
item to visualize Gene View, T/C View or Experiment View
respectively.
Gene View

FIG. 1 shows the Gene View of PR-1 that 1s an Arabidopsis

disease-related gene. The up-regulation T/Cs (treatment over
control) 1s selected using the cutoil criteria of 2-fold increase
and P value 0.03. Gene View shows all T/C (Treatment over
control) experimental conditions on a MA plot (Dudoit et al.,
2002; Bolstad et al., 2003). FI1G. 1 1s an example of the Gene
View ol Arabidopsis PR-1 gene that 1s a famous disease-
related gene (Cao et al., 1997). The data points are draw with
blue, green or yellow when t-test P value 1s lower than 0.01,
0.01-0.05 or higher than 0.05, respectively. The x-axis of MA
plot 1s the log 2 average intensity of treatment and control.
The y-axis 1s the log 2 ratio of treatment over control. There-
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fore, the data points are up-regulation T/Cs (treatment over
control) when they are located at upper location, and are
down-regulation T/Cs when they are at bottom location. The
treatment and control have higher expression signals when
their data points are located at right location, and have lower
expression signals when the data points are at left location.
Two benchmarks, a horizontal band and a vertical band, are
set on MA plot according to 1.5-fold change 1n y-axis and
background signal levels in x-axis. The horizontal band cov-
ers all data points within 1.5-fold change. The vertical band
on the MA plot covers the background level of 90% experi-
ments. The background 1s computed for each experiment
using the average signals of negative controls 1n all the chips
of the experiment. In current Arabidopsis database, there are
142 experiments so that 142 background signals are obtained.
The lett edge of vertical band 1s 95th percentile background
signal and the right edge of vertical band 1s 3th percentile
background signal.

The MA plot1s on a static image with all data points so that
users can load the image very fast and quickly get an overall
view ol the expression profile of a gene. Users can highlight
the data points on the image or search the data points by
entering key words so that detailed data annotations are pro-
jected onto the static image by web 2.0 technology. This
two-layer display solution achieves both quick view of over-
all expression profile and comprehensive view of the detailed
information of each T/C that affects the gene expression.

TABL.

L1

1

The T/C* that induces the expression of Arabidopsis PR-1 gene.

T/C*

BTH Effect for 24 hr in wrky18

mutant

senescence effects in pod
cpriscvl double mutant

Pst DC3000 infection (12 hr) n
WT

BTH Effect for 24 hr in W'T

120 hr Erysiphe orontii infection
cold 7 days effects

cprd mutant

Pst DC3000 mfection (12 hr) in
wrky1l7 mutant

96 hr Erysiphe orontii infection
Phvtophthora infection for 24 hr
32 hr PsES4326 mnfection vs 9 hr
PsES4326 infection

Pst DC3000 mfection (12 hr) in
wrkyl1 mutant

24 hr PsES4326 infection vs 9 hr
PsES4326 infection

E2Fa-DPa overexpressing
cotyledon

shoot vs root

flower stage 15, sepals

BTH Effect for 8 hr imn WT

BTH Effect for 8 hr in wrky18
mutant

cdpk6-vip 4 transgene effects
PsmES4326 infection for 32 hr
PsmES4326 infection for 24 hr
flower stage 153

Pseudomonas syringae pv
phaseolicola infiltration for 24 hr
72 hr Erysiphe orontii infection
old rosette leaf vs young rosettet
leaf m WT

SPH1 knockout vs WT in young
rosette leal

Pseudomonas syringae pv tomato
avrRpml infiltration for 24 hr

fHower stage 12 equivalent (7)
snil mutant

Treatment Type P Value*** Fold Change
SAR** 0.0012 111.62
others 2.67E-05 97.64
disease-related mutation 0.0385 8&.61
infection 0.01%81 83.37
SAR** 0.012 77.47
infection 0.0053 64.8
others 0.0061 58.93
disease-related mutation 0.0354 56.63
infection 0.0293 55.62
infection 2.50E-05 49 .32
infection 3.19E-05 47.65
infection 0.0267 41.11
infection 0.0093 37.07
infection 0.0297 33.64
others 0.009 32.75
others 8.69FE-05 30.2
others R.02E-04 29.61
others 1.0RE-04 28.05
SAR** 0.0201 26.06
SAR** 3.30E-04 25.92
others 0.0151 20.98
infection 0.0079 19.53
infection 0.0072 16.37
others 1.09E-04 14.82
infection 0.0015 12.87
infection 0.0086 12.55
others 0.0235 10.82
others 0.0187 10.69
infection 0.0036 10.19
others 3.61E-04 %.83
disease-related mutation 0.0117 %.59




US 8,832,581 B2

7
TABLE 1-continued

The T/C* that induces the expression of Arabidopsis PR-1 gene.

T/C* Treatment Type P Value***
flower stage 12 equivalent (6) others 2.48FE-04
high nitrogen and glucose effects others 0.0015
Pseudomonas syringae pv tomato infection 1.75E-04
DC3000 hrcC-infiltration for 24 hr

glucose effects others 7.38E-04
flower stage 12, sepals others 3.95E-04
arrlO arrl 2 double null mutant

effects under cytokinin others 0.0034
cotyledon others 3.86E-04
seedling 3 vs average others 8.30E-04
seedling 2 vs average others 0.001

16 hr Pseudomonas iniection infection 0.0114
ol1T rosette leat #4, 1 cm long others 1.56E-04
Pseudomonas syringae pv infection 0.0308
phaseolicola infiltration for 6 hr

senescing leaves others 3.95E-05
Botrytis cinerea infection on 48 hpi infection 0.0247
leat

Col-0 rosette leaf #4 others 0.0016
WT pathogen treatment 12 hr vs 1 hr  infection 0.009
gl1T rosette leat #12 others 3.24E-04
flower stage 12 equivalent (5) others 0.0028
DC3000hrp A pathogen treatment infection 0.0032

12 hrvs 1 hr

leat others 0.0016
cauline leaves others 0.0023
shoot under potassium starvation others 0.0098
shoot under Caesium treatment others 0.0061
Col-0 rosette leaf #4 others 0.0018
24 hr control vs O hr control others 0.0158
Ambient CO2 and Ambient Light others 0.0364

at 96 hr vs O hr

rosette leaf # 2 others 0.0075
leat 7, distal half others 0.0023

*1/C standards for Treatment over Control and represents an experimental condition.

Fold Change

8.58
7.64
0.78

6.42
6.2

6.03
5.46
5.1

4.87
4.58
4.53
4.33

4.32
4.17

4.08
3.7

3.64
3.62
3.42

3.22
3.13
3
2.9
2.76
2.7
2.49

2.45
2.42

**SAKR standards for Systemic Acquired Resistance (reviewed by Sticher et al., 1997).. The SAR 1s caused by BTH

(Benzothiadiazole S-methylester).

*#%P Value 1s calculated by the t-test. Two-tailed t-test 1s used to into determune the difference between treatment and
control. One-tailed t-test 15 used to determune the difference between treatment and average value of all samples in

the experiment.

In FIG. 2, the up-regulation T/Cs are highlighted and dis-
played on the MA plot. 39 T/Cs increase the expression of
PR-1 gene when 2-fold increase and P value 0.05 are used as
cutoil (Table 1), in which 17 T/Cs are infection, 4 1/Cs are
SAR (Systemic Acquired Resistance) and 4 T/Cs are disease
related mutant. It also showed that PR-1 gene over-expresses
in the tissues of cotyledon, shoot, leal and flower (Table 1).
T/C View

Like Gene View, the T/C View 1s also presented on a MA
plot image that shows all genes under a '1/C. Each data point
on T/C View 1s a gene. The color of data points and bench-
mark bands on the plot are defined as same as those 1n Gene

View. Two-layer display 1s designed for users to highlight and
search the genes on the static image as described 1n Gene
View.

FIG. 3 shows the slide views of genes or T/Cs used to
discover the changes of multiple genes under multiple T/Cs.
Users can make a slide show with multiple Gene Views or
with multiple T/C Views. FIG. 3 shows the slide view of 16
cold-related genes. These 16 genes are found by searching
keyword “cold” in the gene annotations. The treatment effects
of cold, heat, salt, draught and Pseudomonas infection are
observed on these 16 cold-related genes. FIG. 3A shows that
At4g36020 (Affymetrix feature 1D 253129_at) 1n the 16
genes 1s the gene that 1s only induced by cold conditions.
At4g36020 1s reported as cold regulated gene (Kim et. al.,
2006) and 1ts homologue 1n Chlamydomonas reinhardtii was
reported to be a light-induced gene (Mussgnug et. al., 2005).

40

45

50

55

60

65

On the other hand, Atlg05260 (Affymetrix feature ID
264577 _at) 1s not induced by any stress treatment (FIG. 2K).
Other 14 cold-regulated genes are actually stress-induced
genes (FIGS. 3B,C,D,E,F,G,H,I,J,L,M,N,O,P). These genes
are 1nduced by cold, salt, drought and sometimes by heat.
According to FIG. 3, cold stress treatment 1s closely associ-
ated with salt and drought probably because they have similar
gene expression regulation mechanism. Heat stress has co-
regulation relationship with cold, salt and drought 1n half

cases. On the other hand, Pseudomonas intection has com-
pletely different regulation trends with cold, salt, drought and
heat. It seldom changes the expression of the 16 cold-related
genes.
Experiment View

Experiment View 1s basically a microarray data manage-
ment system that shows experiment title, description, lab
information, samples, biological replicates of each sample,
T/C definition and QC scores of the experiment and QC score
of each sample 1n the experiments. The replicate number of a
sample 1s 2, 3 or 4 (The software system rejects all the
samples that do not have replicates). The CEL file of each
replicate 1s downloadable from Experiment View. Therelore,
users can download the raw data files and input them nto
other micoarray data analysis software, such as GeneSpring,
to validate the results from Gene Expression Browser.
Sample QC score 1s calculated based on the average CV
(coellicient of variation) of all microarray genes using the
replicates of the sample described in the Experimental Pro-
cedures.
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Expression Using Gene Expression

The Discovery of Gene
Browser

Gene expression profiles are easily obtained from Gene
Expression Browser by search and visualization. Users can
tully under the gene expression profiles by switching among
the user interfaces of Gene View, T/C View and Slide View.
Users completely getrid ol the complex concepts of statistics,
data analysis protocols, data mnput and result explaining. The
underneath database includes large amount of expression raw
data, normalized data and meta data (average, ratio, P value
QC score etc). The web-based interface does not require
software download, installation and configuration. Therefore,
Gene Expression Browser 1s a new, simple, convenient, fast,
comprehensive, complete and powerful tool for discovering
gene expression profiles. The first version of Gene Expres-
s1ion Browser 1s released together with Arabidopsis miroarray
data. We will put mouse and human microarray data into
Gene Expression Browser to build Gene Expression Browser
tor Mouse and Gene Expression Browser for Human 1n near
tuture.
Experimental Procedures

Gene Expression Browser (http://www.Expression-
Browser.com) has been built with Java/J2EE/MySQL as the
back-end, HI'ML/Javascript/ AJAX (Web 2.0 technology) as
front-end, Lucene (http://lucene.apache.org) as full-text
search engine and R bioconductor packages (http://www.b1o-
conductor.org) as the core of data processing pipeline. The
soltware application 1s built on the foundation of open source
and freeware libraries, tools and applications (refer to http://
www.ExpressionBrowser.com/software.html for details).
The first version of Gene Expression Browser 1s released with
2,435 Arabidopsis ATH1 chips (product of Affymetrix Inc)
from 142 independent experiments that were collected by
NASC’s Affymetrix Service (http://aflymetrix.arabidopsis-
anfo/Afty Watch.html). The raw data (CEL files) are normal-
1zed with RMA (Irizarry et al., 2003) using AFFY package
(http://www.bioconductor.org/packages/2.4/bioc/html/al-
ty.html). The pairs of treatment samples and control samples
(1/Cs) are defined 1n each experiment. The average expres-
sion itensity of all samples 1n an experiment 1s used as
control when the control 1s impossible to define, e.g. the
experiments that compare the gene expressions 1n different
tissues. Two-tailed t-test 1s applied to determine the ditfer-
ence between treatment and control. One-tailed t-test P value
1s used to determine the difference between treatment and
average intensity. The t-test 1s computed with the Apache
Commons Mathematics Library (http://commons.apa-
che.org/math/index.html). The raw data (CEL file), normal-
1zed data and meta data (average, standard deviation, ratio, P
value, QC score) are stored in MySQL database (http://
www.mysql.com) and are retrievable via Gene Expression
Browser web application.

The QC score of a sample 1s calculated by following pro-
cedure: (1) Calculate the standard deviation of each gene on
microarray based on the sample’s replicates. (2) Calculate the
CV (Coellicient of Varniation=standard deviation/mean) of
cach gene. (3) Compute the average CV of the sample based
on all genes on the microarray. (4) Compute the average CV
of each sample 1n the database according to above procedure
1-3. (5) Generate a normal distribution curve using the CV of
all samples. (6) The QC score 1s calculated by a linear model
(QC score=—880*CV+100) that 1s based on the normal dis-
tribution of CV of each sample 1n the database. QC score
ranges from O to 100 so that the score 1s 0 when negative value
1s obtained from the linear model. The QC score of an experi-
ment 1s the average QC score of the samples 1n the experi-

ments.

5

10

15

20

25

30

35

40

45

50

55

60

65

10

The gene co-regulation network 1s built according to the
gene expression profiles. The key algorithm for gene co-
regulation network 1s to compute the co-regulation relation-
ship between two genes. The procedure for computing the
co-regulation relationship of two target genes 1s as follow-
ings: (1) Find out all T/Cs (treatment over control) that sig-
nificantly affect the gene expression using certain criteria
(1.5-1old change and P value <0.05 are used). As a result, two
sets of T/Cs are found from the two target genes. (2) Find out
the overlap T/Cs from the two sets of T/Cs. (3) Calculate
overlap percentage using formula as overlap ratio=2*overlap
T/C number/(T/C number of first gene+T/C number of sec-
ond gene) (4) Calculate correlation coetlicient 1n the overlap
T/Cs using expression log 2 ratios from the two targets genes.
(5) Calculate co-regulation 1ndex wusing Overlap
ratio*correlation coetlicient. (6) Co-regulation index ranges
from -1 to 1. Bigger than 0.2 or smaller than -0.2 1s suggested
to used as cutoff value.

Although the present invention has been described in terms
of the presently preferred embodiment, 1t 1s to be understood
that such disclosure 1s not to be interpreted as limiting. Vari-
ous alternations and modifications will no doubt become
apparent to those skilled in the art after reading the above
disclosure. Accordingly, 1t 1s intended that the appended
claims be interpreted as covering all alternations and modifi-
cations as fall within the true spirit and scope of the invention.

I claim:

1. A data handling and processing device comprising;

a Processor;

a memory; and

a gene expression browser executed by the processor com-
prising:

a gene expression display separated into two layers
wherein a first layer comprises a static image to display
several thousands of expression data points as a gene
view and for showing the data points of treatment over
control (T/C) as a T/C view and also for showing experi-
mental conditions-on the gene view and the T/C view as
an experimental view;

a second layer comprising a dynamic and responsive data
annotation layer for on-line real-time web-browser
downloading experimental raw data from an experimen-
tal raw database for validating the gene expression
browser wherein the gene expression browser further
includes a user interface to allow users to enter a search
term to 1nteractively display detailed data points of the
dynamic and responsive data annotation layer based on
the experimental raw data downloaded 1n real-time from
the experimental raw database and superimposed on the
static 1mages by searching and highlighting the gene
expression data and wherein the user interface further
allows the users to switch between the gene view, the
T/C view and the experimental view; and

a user interface for receiving a user’s real time commands
and 1nstructions for displaying and highlighting the
complete and comprehensive gene expression profiles
on the dynamic and responsive layer according to the
user’s real time commands and 1nstructions.

2. The data handling and processing device of claim 1

wherein:

the data handling and processing device 1s a network
device executing a software to carry out functions of the
gene expression Web-browser wherein the network
device 1s connected to an Internet.

3. The data handling and processing device of claim 2

wherein:
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the gene expression Web-browser further downloading the
experimental raw data from the experimental raw data-
base connected via the Internet.

4. The data handling and processing device of claim 3

wherein:

the gene expression Web-browser further downloading the
experimental raw data from the d experimental raw data-
base connected via the Internet by applying a Web 2.0
pProcess.

5. A method for carrying out a gene expression display

comprising;

applying a high throughput backend data processing pipe-
line to reprocess and analyze raw data to generate and
cache processed data wherein the processed data repre-
senting a complete and comprehensive gene expression
profiles of each of a plurality of data points for showing
a static gene expression 1mage as a gene view and for
showing the data points of treatment over control (T/C)
as a T/C view and also for showing experimental condi-
tions on the gene view and the T/C view an experimental
View;

users entering a keyword to retrieve the complete and com-
prehensive gene expression profiles to display on the
static gene expression image and real-time on-line web-
browser downloading experimental raw data from an
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experimental raw database to show gene expression
images as a dynamic and responsive data annotation
layer based on the experimental raw data downloaded 1n
real-time from the experimental raw database and super-
imposed on the static gene expression image by allowing,
the users to switch between the gene view, the T/C view
and the experimental view to complete a search and
visualization process; and

receving a user’s real time commands and instructions for
displaying and highlighting the complete and compre-
hensive gene expression profiles on the dynamic and
responsive layer according to the user’s real time com-
mands and instructions.

6. The method of claim 5 wherein:

the step of downloading experimental raw data further
comprising a step connecting to the experimental raw
database as an Internet database for downloading the
experimental raw data.

7. The method of claim 6 wherein:

the step connecting to an Internet database for download-
ing the experimental raw data further comprising a step

of applying a Web 2.0 Web-browser process for down-
loading and displaying the gene expression images.
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